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INTERCONNECT STRUCTURES IN A SEMICONDUCTOR 
DEVICE AND PROCESSES OF FORMATION 

HELD OF THE INVENTION 

[0001] This invention relates generally to semiconductor devices, and more particularly to 
an interconnect structure in a semiconductor device and its process of formation. 

BACKGROUND OF THE INVENTION 

[0002] As the demand for high performance integrated circuit devices continues to 
increase, designers have reduced circuit geometries in order to obtain improved performance. 
As the gate lengths of MOS transistors shrink to sub-half-micron dimensions, the switching 
speed of the transistors increases dramatically. To take full advantage of the increased speed 
of the transistors, electrical interconnect structures having high electrical conductivity must 
also be provided. The speed performance of advanced integrated circuit devices is often 
limited by the electrical conductivity of metal interconnects, which electrically couple the 
various device components of an integrated circuit. 

[0003] Electrical conductivity of metal interconnections is extremely important for the 
integrated circuit (IC) speed. Alloy of aluminum is widely used in microelectronics for metal 
interconnections. However, aluminum alloy has a relatively low value of electrical 
conductivity. Copper has much higher conductivity and it has been widely used, because of 
its higher conductivity, to increase an IC speed in microprocessors. However, copper has a 
very high diffusion coefficient in silicon. It creates a risk of silicon contamination and 
destruction of silver devices, even at the room temperature. A number of precautionary 
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measures are implemented to deal with this risk, such as separate tools, segregated 
manufacturing areas, defensive layers, low processing temperatures, etc. Moreover, the 
difficulties in implementing copper dry etching leads to the use of chemical mechanical 
polishing (CMP). CMP copper processing is subject to significant silicon contamination and 
requires additional cleaning procedures. 

[0004] Thus, although the usage of copper in metal interconnects significantly improves 
IC speed, it also makes the manufacturing process more complicated, time consuming and 
expensive. Therefore, improved interconnects and process of forming the same are highly 
desirable. 
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RRTHF INSCRIPTION OF THE DRAWINGS 



[0005] The present invention is illustrated by way of example and not limitation in the 
figures of the accompanying drawings in which like references indicate similar elements. 
[0006] Figures 1-6 illustrate, in cross-section, process steps, in accordance with one 
embodiment. 

[0007] Figure 7 illustrates, in cross-section, an interconnect structure in accordance with 
an alternative embodiment. 

[0008] Figures 8-19 illustrate, in cross-section, process steps, in accordance with an 
alternative embodiment. 
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DFTATT FD DESCRIPTION 



[0009] The metallization structure of the invention provides an improved silver 
interconnect structure in which diffusion of silver into underlying device layers is prevented. 
In addition, the improved metallization structure of the present invention enables silver 
interconnects to be reliably formed for electrically coupling integrated circuit device 
components without being contaminated. Using the metallization structure of the present 
invention, the advantages of silver interconnect metallurgy may be fully realized in a variety 
of integrated circuit applications. The following description and drawings are illustrative of 
the invention and are not to be construed as limiting the invention. Numerous specific details 
are described to provide a thorough understanding of the present invention. However, in 
certain instances, well-known or conventional details are not described in order to not 
unnecessarily obscure the present invention in detail. 

[0010] Figures 1-6 illustrate, in cross-section, processes for the fabrication of a silver 
interconnect structure in accordance with one embodiment of the invention. The figures 
illustrate the formation of an inlaid silver interconnect in a dielectric body. The dielectric 
body is depicted to overlie a device substrate 102. In one embodiment, device substrate 102 is 
a monocrystalline silicon substrate. Alternatively, device substrate 102 may be a silicon-on- 
insulator substrate, a silicon-on-sapphire substrate, or the like. 

[0011] Although not shown in Figures 1-6, those skilled in the art will appreciate that 
device substrate 102 will typically contain a large number of electrically coupled device 
components. The electrically coupled components may include MOS transistors, resistors, 
logic devices, and the like. Further, device substrate 102 may contain bipolar transistors in 
addition to MOS transistors. In addition, substrate 102 may include metal interconnect layers 
overlying other device components and electrically coupled to those device components. The 
present invention also contemplates that device substrate 102 may be a portion of a standard 
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logic device, or hybrid device. Furthermore, device substrate 102 may be a portion of an 
integrated circuit package, and the process illustrated may be associated with the formation of 
package interconnections. Thus, all such conventional integrated circuit devices and discrete 
component devices may be present in device substrate 102, and such devices and packaging 
interconnections are within the scope of the present invention. 

[0012] Shown in Figure 1, in cross-section, is a portion of a semiconductor device, which 
includes a device substrate 102 and an overlying dielectric layer 104. As previously 
described, substrate 102 may include a variety of integrated circuit components already fully 
formed during previous fabrication steps. Dielectric layer 104 may be one of a number of 
different dielectric materials commonly used in integrated circuit fabrication. For example, 
dielectric layer 104 may be silicon dioxide, silicon nitride, or a doped glass layer, such as 
phosphorus silicate glass, boron silicate glass, and the like. In one embodiment, dielectric 
layer 104 is a layer of plasma deposited oxide which is formed using tetraethlyorthosilicate 
(TEOS) as a source gas. Alternatively, dielectric layer 104 may be a layer of silicon nitride, a 
layer of phosphosilicate glass (PSG), a layer of borophosphosilicate glass (BPSG), an spin-on- 
glass (SOG) layer, a silicon oxynitride layer, a polyamide layer, a low dielectric constant 
insulator, or the like. In addition, a combination of the foregoing dielectric materials may also 
be used to form dielectric layer 104. 

[0013] Depending upon the particular dielectric material, dielectric layer 104 is formed by 
chemical vapor deposition deposited (CVD), plasma enhanced chemical vapor deposition 
(PECVD), or deposition at atmospheric pressure. In one embodiment, dielectric layer 104 is a 
chemical vapor deposited material, such as silicon dioxide or silicon nitride, which may be 
deposited over a planarized insulating layer (not shown). 

[0014] Once dielectric layer 104 has been deposited, a cavity 120 is formed in the 
dielectric layer. In one embodiment, cavity 120 is formed by reactive ion etching using a 
photolithographic mask to define the lateral extent of the cavity. As illustrated in Figure 1, 
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cavity 120 does not completely extend through dielectric layer 104. Although cavity 120 is 
illustrated in a preferred configuration, cavity 120 may have a configuration substantially 
different than that illustrated in Figure 1. For example, cavity 120 may have rounded corners, 
or be substantially elongated in a lateral or vertical direction. 

[0015] After forming cavity 120, silver interface is formed on the surface of dielectric 
layer 104, and within cavity 120. The interface, collectively identified as interface layers 122, 
includes two individual metal layers. The interface layers 122 of the present invention 
includes a particular combination of metals which promote the adhesion of silver to device 
substrate 102, and prevent the diffusion of silver into the underlying substrate. The interface 
layer 122 may be deposited on the dielectric layer 104, using a conventional sputter 
deposition process. In one embodiment, the interface layers 122 may be deposited through a 
dc-sputtering deposition process. 

[0016] In one embodiment, the interface layers 122 include a diffusion barrier layer 108 
and an adhesion layer 106. In one embodiment, the diffusion barrier layer 108 may contain 
titanium nitride. Alternatively, the diffusion barrier layer 108 may contain tantalum nitride. 
The adhesion layer 106 may contain titanium. Alternatively, the adhesion layer 106 may 
contain titanium nitride or tungsten. 

[0017] In one embodiment, the adhesion layer 106 overlies the surface of dielectric layer 
104, and diffusion barrier layer 108 overlies the adhesion layer 106. Specifically, diffusion 
barrier layer 108 provides a diffusion barrier preventing the transport of silver into the 
underlying dielectric and device substrate layers. The adhesion layer 106 promotes the 
adhesion of silver to the interface layer 122. In an alternative embodiment, other metals 
having the necessary adhesive and diffusion barrier characteristics may be employed to form 
interface layer 122. For example, titanium tungsten or tantalum may be used in the place of 
titanium nitride as a diffusion barrier. 
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[0018] Preferably, interface layer 122 is formed in a multi-stage sputtering apparatus. In 
the first stage of the sputtering system, adhesion layer 106 is sputtered onto dielectric layer 
104 to a thickness of about 1000 angstroms (A). In the second stage of the sputtering system, 
diffusion barrier layer 108 is sputtered onto adhesion layer 106 to a thickness of about 5000 

A. 

[0019] During the multi-stage sputtering process used to form interface layers 122, device 
substrate 102 is transported between the various sputtering chambers in the multi-stage system 
without exposing device substrate 102 to ambient atmospheric conditions. In the multi-stage 
sputtering system, the sputter deposition chambers and the transfer chambers are either 
maintained in inert gas at a reduced pressure by continually purging the chambers and transfer 
systems with an inert gas, such as argon, or nitrogen, or the like. Alternatively, the transfer 
system may be maintained under high vacuum. By maintaining inert atmospheric conditions 
during the sputter deposition process, the formation of titanium oxide and other metallic oxide 
layers are prevented. The fabrication of interface layer 122 in an inert environment ensures 
the preservation of the adhesion and diffusion barrier characteristics of interface layer 122. In 
an alternative embodiment, the diffusion barrier and adhesion layers of interface layer 122 
may be formed in separate deposition apparatus. However, care must be taken to ensure that 
any native oxide or other metallic oxide layers, which may form on the surface of a deposited 
layer, are removed prior to the deposition of subsequent layers. In one embodiment, cleaning 
process may be employed between each process of layers. 

[0020] Once the fabrication of interface layers 122 are completed, a layer of silver is 
deposited onto interface layer 122, as illustrated in Figure 4. Silver layer 110 is deposited to a 
thickness sufficient to completely fill cavity 120, and to overlie adjacent regions of interface 
layer 122. The silver layer 1 10 may be deposited through a sputter deposition process, such 
as dc-sputtering. In one embodiment, the silver layer 1 10 may be deposited using argon (Ar) 
gas, with a pressure ranging from 0.1-100 millitorr, and at a substrate temperature ranging 
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from a room temperature to 50 degrees Celsius. Additionally, it is also within the scope of the 
invention that other silver deposition techniques may be used. For example, silver may be 
deposited by conventional thermal vapor deposition, plasma-assisted chemical vapor 
deposition, plasma-enhanced chemical vapor deposition, laser chemical vapor deposition, 
sputter deposition, electroplating, and the like. 

[0021] After the silver deposition is completed, the inventive process continues with the 
annealing of substrate 102 to form a silver diffusion barrier intermetallic layer 112, as 
illustrated in Figure 5. In one embodiment, when titanium nitride is used as diffusion barrier 
material, the silver diffusion barrier intermetallic layer includes silver titanium nitride (Ag— 
TiN) intermetallic layer. Preferably, silver diffusion barrier intermetallic layer 112 is formed 
by annealing substrate 102 in a rapid thermal annealing apparatus. The rapid thermal 
annealing process may be carried out, in an inert gas environment such as argon gas, at an 
atmospheric pressure and at an ambient temperature ranging from 350 to 450 degree Celsius, 
preferably at 400 degree Celsius. Other gas may be utilized. Alternatively, the thermal 
annealing process may be carried out in a vacuumed ambient. In one embodiment, the 
vacuumed ambient may contain a pressure of about 10 millitorr. The annealing time may, 
depend upon the exact annealing conditions employed. Within the previously described 
operating conditions, an annealing time of about one hour is sufficient to form the silver 
diffusion barrier intermetallic layer. In one embodiment, the silver diffusion barrier 
intermetallic layer may have a thickness ranging from 100 to 500 A. Other annealing 
processes may be employed to form the silver diffusion barrier intermetallic layer 1 12. 
[0022] Silver diffusion barrier intermetallic layer 112 provides an adhesive body which 
adheres silver layer 110 to adhesion layer 106. During the annealing process, silver and 
diffusion barrier layer undergo an interdiffusion process. In the absence of diffusion barrier 
layer 108, silver could diffuse into underlying dielectric layer 104. However, diffusion barrier 
layer 108 prevents the diffusion of silver to the underlying layers. Thus, the presence of 
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diffusion barrier layer 108 advantageously promotes the formation of an adhesive 
intermetallic layer for preventing diffusion of silver beyond the diffusion barrier layer 108 and 
intermetallic layer 112. 

[0023] Following the formation of silver diffusion barrier intermetallic layer 112, 
substrate 102 is subjected to a planarization process which forms a planar surface 124, as 
illustrated in Figure 6. To form planar surface 124, portions of silver layer 1 10 and interface 
layer 122 are non-selectively removed. Preferably, planar surface 124 is formed by chemical- 
mechanical-polishing (CMP), using a non-selective slurry composition. The slurry 
composition contains a silica abrasive material, which removes the different metal layers at 
substantially the same rate. Alternatively, planar surface 124 may be formed by a non- 
selective plasma etching process. The plasma etching process may include additional 
planarizing layers deposited onto silver layer 1 10. For example, a layer of photoresist may be 
deposited onto silver layer 1 10 prior to performing the non-selective etch process. 
[0024] Upon completion of the non-selective removal process and the formation of planar 
surface 124, an inlaid silver interconnect 126 remains within a central portion of cavity 120 
and imbedded within interface layer 122. Only a portion of silver interconnect 126 is 
illustrated in Figure 6. It would be appreciated that the foregoing process steps may be 
repeated in order to fabricate additional levels of conductive interconnects. Although silver 
interconnect 126 is illustrated as residing in one defined layer, it is to be understood that other 
such silver interconnect layers and interface layers may be formed in subsequently deposited 
dielectric layers, such as dielectric layer, overlying silver interconnect 126. 
[0025] The particular combination of metal layers and processing steps described in the 
foregoing embodiment results in the formation of a silver interconnect which may be utilized 
in a variety of integrated circuit structures. One example of the utilization of the silver 
interconnect structure and process of the invention is illustrated in Figure 7. Referring to 
Figure 7, after transistor 140 and field isolation regions 132 have been formed an interlevel 
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dielectric layer 160 is formed overlying transistor 140 and field isolation regions 132, In one 
embodiment, interlevel dielectric layer 160 comprises dielectric layer 142, etch stop layer 144 
and dielectric layer 146. 

[0026] Dielectric layer 142 may be a layer of plasma deposited oxide which is deposited 
using TEOS as a source gas. Alternatively, dielectric layer 142 may be a layer of PSG, a layer 
of BPSG, an SOG layer, a polyamide layer, a low dielectric constant insulator, or the like. 
Etch stop layer 144 may be a layer of plasma deposited silicon oxynitride. Alternatively, etch 
stop layer 144 may be a layer of plasma deposited silicon nitride, a layer of boron nitride, or 
the like. Dielectric layer 146 may be a layer of plasma deposited oxide which is formed using 
TEOS as a source gas. Alternatively, dielectric layer 146 may be a layer of PSG, a layer of 
BPSG, an SOG layer, a polyamide layer, a low dielectric constant insulator, or the like. It 
should be appreciated that interlevel dielectric layer 160 need not be formed using different 
dielectric material. For example, interlevel dielectric layer 160 could be formed using a single 
dielectric material, such as plasma deposited oxide, PSG, BPSG, SOG, polyamide, a low 
dielectric constant insulator, or the like. 

[0027] In one embodiment, etch stop layer 144 is a layer of silicon oxynitride which is 
formed using conventional plasma deposition techniques. Alternatively, etch stop layer 144 
may be a layer of plasma deposited silicon nitride, a boron nitride layer, or the like. 
[0028] A portion of dielectric layer 146 and a portion of etch stop layer 144 are then 
removed to expose a portion of via plugs 152 and form interconnect openings. Interface layer 
158 is formed in accordance with the previously described processing steps and directly 
overlies the exposed portion of via plugs 152. A silver interconnect 154 is then formed in 
accordance with the previously described processing steps. Via plugs 152 enables a 
subsequently deposited conductive layer to be electrically coupled to source/drain regions 134 
of the transistor 140 through the silver interconnect 154 and interface layer 158. It would be 
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appreciated that the foregoing process steps may be repeated in order to fabricate additional 
levels of conductive interconnects. 

[0029] Figures 8-19 illustrate, in cross-section, processes for the fabrication of a silver 
interconnect structure in accordance with an alternative embodiment of the invention. The 
figures illustrate the formation of a silver interconnect on a device substrate 200. In one 
embodiment, device substrate 200 is a monocrystalline silicon substrate. Alternatively, device 
substrate 200 may be a silicon-on-insulator substrate, a silicon-on-sapphire substrate, or the 
like. 

[0030] Although not shown in Figures 8-19, those skilled in the art will appreciate that 
device substrate 200 will typically contain a large number of electrically coupled device 
components. The electrically coupled components may include MOS transistors, resistors, 
logic devices, and the like. Further, device substrate 200 may contain bipolar transistors in 
addition to MOS transistors. In addition, substrate 200 may include metal interconnect layers 
overlying other device components and electrically coupled to those device components. The 
present invention also contemplates that device substrate 200 may be a portion of a standard 
logic device, or hybrid device. Furthermore, device substrate 200 may be a portion of an 
integrated circuit package, and the process illustrated may be associated with the formation of 
package interconnections. Thus, all such conventional integrated circuit devices and discrete 
component devices, may be present in device substrate 200, and such devices and packaging 
interconnections are within the scope of the present invention. 
[0031] A silver interface is then formed on the surface of device substrate 200, as 
illustrated in Figures 8 and 9. The interface metallurgy, collectively identified as interface 
layer 216, includes two individual metal layers. The interface layer 216 of the present 
invention includes a particular combination of metals which promote the adhesion of silver to 
device substrate 200, and prevent the diffusion of silver into the underlying substrate. The 
interface layer 216 may be deposited on the device substrate 200, using a conventional sputter 
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deposition process. In one embodiment, the interface layer 216 may be deposited through a 
dc-sputtering deposition process. 

[0032] In one embodiment, the interface layer 216 includes a diffusion barrier layer 204 
and an adhesion layer 202. In one embodiment, the diffusion hairier layer 204 may contain 
titanium nitride. Alternatively, the diffusion barrier layer 204 may contain tantalum nitride. 
The adhesion layer 202 may contain titanium. Alternatively, the adhesion layer 202 may 
contain titanium nitride or tungsten. 

[0033] In one embodiment, the adhesion layer 202 overlies the surface device substrate 
200, and diffusion barrier layer 204 overlies the adhesion layer 202. Specifically, diffusion 
barrier layer 204 provides a diffusion barrier preventing the transport of silver into the 
underlying device substrate. The adhesion layer 202 promotes the adhesion of silver to the 
interface layer 216. In an alternative embodiment, other metals having the necessary adhesive 
and diffusion barrier characteristics may be employed to form interface layer 216. For 
example, titanium tungsten or tantalum may be used in the place of titanium nitride as a 
diffusion barrier. 

[0034] Preferably, interface layer 216 is formed in a multi-stage sputtering apparatus. In 
the first stage of the sputtering system, adhesion layer 202 is sputtered onto device substrate 
200 to a thickness of preferably about 1000 A. In the second stage of the sputtering system, 
diffusion barrier layer 204 is sputtered onto adhesion layer 202 to a thickness of preferably 
about 5000 A. 

[0035] During the multi-stage sputtering process used to form interface layer 216, device 
substrate 200 is transported between the various sputtering chambers in the multi-stage system 
without exposing device substrate 200 to ambient atmospheric conditions. In the multi-stage 
sputtering system, the sputter deposition chambers and the transfer chambers are either 
maintained in inert atmospheric conditions by continually purging the chambers and transfer 
systems with an inert gas, such as argon, or nitrogen, or the like. Alternatively, the transfer 
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system may be maintained under high vacuum. By maintaining inert atmospheric conditions 
during the sputter deposition process, the formation of titanium oxide and other metallic oxide 
layers are prevented. The fabrication of interface layer 216 in an inert environment ensures 
the preservation of the adhesion and diffusion barrier characteristics of interface layer 216. In 
an alternative embodiment, the diffusion barrier and adhesion layers of interface layer 216 
may be formed in separate deposition apparatus. However, care must be taken to ensure that 
any native oxide or other metallic oxide layers, which may form on the surface of a deposited 
layer, are removed prior to the deposition of subsequent layers. In one embodiment, cleaning 
process may be employed between each process of layers. 

[0036] Once the fabrication of interface layer 216 is complete, a layer of silver is 
deposited onto interface layer 216, as illustrated in Figure 10. Silver layer 206 is deposited to 
overlie adjacent regions of interface layer 216. The silver layer 206 may be deposited through 
a sputter deposition process, such as dc-sputter deposition process. In one embodiment, the 
silver layer 206 may be deposited using argon (Ar) gas as a source gas, with a pressure 
ranging from 0.1 - 100 millitorr, and at a temperature ranging from a room temperature to 50 
degrees Celsius. Additionally, it is also within the scope of the invention that other silver 
deposition techniques may be used. For example, silver may be deposited by conventional 
thermal vapor deposition, plasma-assisted chemical vapor deposition, plasma-enhanced 
chemical vapor deposition, laser chemical vapor deposition, sputter deposition, electroplating, 
and the like. 

[0037] After the deposition of silver is complete, the inventive process continues with the 
annealing of substrate 200 to form a silver diffusion barrier intermetallic layer 208, as 
illustrated in Figure 1 1. In one embodiment, when titanium nitride is used as diffusion barrier 
material, a silver titanium nitride (Ag-TiN) intermetallic layer is formed. Preferably, silver 
diffusion barrier intermetallic layer 208 is formed by annealing device substrate 200 in a rapid 
thermal annealing apparatus. The rapid thermal annealing process may be carried out, in an 



42390.P 13296 



13 



Patent Application 



inert gas environment such as argon gas, at an atmospheric pressure and at an ambient 
temperature ranging from 350 to 450 degree Celsius, preferably at 400 degree Celsius. Other 
gas may be utilized. Alternatively, the thermal annealing process may be carried out in a 
vacuumed ambient. In one embodiment, the vacuumed ambient may contain a pressure of 
about 10 millitorr. The annealing time may depend upon the exact annealing conditions 
employed. In one embodiment, the silver diffusion barrier intermetallic layer may have a 
thickness ranging from 100 to 500 A. Within the previously described operating conditions, 
an annealing time of about one hour is sufficient to form the silver diffusion barrier 
intermetallic layer. Alternatively, silver diffusion barrier intermetallic layer 208 may be 
formed by conventional thermal annealing in a forming gas ambient. Other annealing 
processes may be employed to form the silver diffusion barrier intermetallic layer 208. 
[0038] Silver diffusion barrier intermetallic layer 208 provides a diffusion body which 
adheres silver layer 206 with adhesion layer 202. A particular advantage of the present 
invention includes the interaction of diffusion barrier layer 204 and silver layer 206 during the 
formation of silver diffusion barrier intermetallic layer 208. During the annealing process, 
silver and diffusion barrier layer undergo an interdiffusion process. In the absence of 
diffusion barrier layer 204, silver could diffuse into underlying device substrate 200. 
However, diffusion barrier layer 202 prevents the diffusion of silver to the underlying layers. 
Thus, the presence of diffusion barrier layer 204 advantageously promotes the formation of an 
adhesive intermetallic layer by preventing diffusion of silver. 

[0039] After the annealing of the device substrate, silver layer 206 is patterned through a 
lithography process, as illustrated in Figures 12-15. In one embodiment, the silver layer 206 
is patterned through an ultraviolet (UV) lithography process. Conventional UV lithography 
on aluminum and copper requires deposition of antireflective film to reduce reflective 
notching in the photoresist mask, when photoresist overlying highly reflective copper or 
aluminum interconnects is lithographically exposed. However, UV lithography on silver does 
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not require additional coating (e.g., antireflective coating) because silver reflectivity in UV 
region is relatively small (e.g., at wavelength less than 350 nanometer reflectivity is about 20 
percent, where aluminum has about 95%). 

[0040] During the UV lithography process, a photoresist mask 210 is placed directly on 
the surface of silver layer 206 without an antireflective coating, as illustrated in Figure 12. 
The photoresist mask 210 is then exposed to UV light. As a result, the chemical structure of 
some of the photoresist mask 210 materials are changed. After a developing process, only 
portion of the mask 210 that covers the interconnect is remained. Other lithography process 
may be employed. 

[0041] After the UV lithography process, portion of the silver layer 206 and the interface 
layer 216 are removed to form the silver interconnect 218 and 219, as illustrated in Figures 14 
and 15. The removal of the above portion may be performed through an etching process. In 
one embodiment, the removal process may be performed through a dry etching processing 
using oxygen (0 2 ) as a source gas. Alternatively, the removal process may be performed 
through a dry etching processing using carbon fluoride as a source gas, such as CF 4 . Other 
etching process, such as wet etching, may be utilized. Thereafter, the device substrate may be 
cleaned using a solution to remove the remaining photoresist mask 210. As a result, the 
interconnect 218 is exposed, as illustrated in Figure 15. 

[0042] After the interconnect 218 is formed, a protection layer 212 is deposited overlying 
the silver layer 206 and the interface layer 216, as illustrated in Figure 16. The protection 
layer 212 is formed to prevent silver layer 206 from diffusion into other materials, such as 
dielectric layer 214 of Figure 18. In one embodiment, protection layer 214 may be a layer of 
titanium. In an alternative embodiment, protection layer 214 may be a layer of titanium 
nitride or tantalum nitride. In a further alternative embodiment, the protection layer may be a 
layer of tungsten. Other materials that prevent silver diffusion may be utilized as a protection 
layer. 
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[0043] Protection layer 212 may be deposited using a conventional sputter deposition 
process. In one embodiment, protection layer 212 may be deposited through a dc-sputter 
deposition process. In an alternative embodiment, the sputter deposition process may be 
performed in a nitrogen atmospheric environment. It should be appreciated that the protection 
layer 212 is thick enough to prevent the silver layer 206 from diffusion. In one embodiment, 
the protection layer 212 has a minimum thickness of about 2000 A. 
[0044] After the protection layer 212 is deposited overlying the silver layer 206 and the 
interface layer 216, the silver interconnect structure is patterned through a lithography 
process, as illustrated in Figure 17. In one embodiment, the silver interconnect structure is 
patterned through an ultraviolet (UV) lithography process. The purpose of the UV 
lithography process is to remove extra protection layer 212 that may unnecessarily connect 
multiple silver interconnects. After the UV lithography process, portion of the protection 
layer 212 which connects the silver interconnects 218 and 219 is removed, as illustrated in 
Figure 17. 

[0045] Upon completion of the protection layer, a dielectric layer 214 is formed overlying 
the silver interconnects 218-219, and the device substrate 200, as illustrated in Figure 18. 
Dielectric layer 214 may be one of a number of different dielectric materials commonly used 
in integrated circuit fabrication. For example, dielectric layer 214 may be silicon dioxide, 
silicon nitride, or a glass layer, such as phosphorus silicate glass (PSG), boron silicate glass, 
and the like. In one embodiment, dielectric layer 214 is a layer of plasma deposited oxide 
which is formed using TEOS as a source gas. Alternatively, dielectric layer 214 may be a 
layer of silicon nitride, a layer of PSG, a layer of BPSG, an SOG layer, a silicon oxynitride 
layer, a polyamide layer, a low dielectric constant insulator, or the like. In addition, a 
combination of the foregoing dielectric materials may also be used to form dielectric layer 
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[0046] Depending upon the particular dielectric material, dielectric layer 214 is formed by 
chemical vapor deposition deposited (CVD), plasma enhanced chemical vapor deposition 
(PECVD). In one embodiment, dielectric layer 214 is a chemical vapor deposited material, 
such as silicon dioxide or silicon nitride, which may be deposited over a planarized insulating 
layer (not shown). 

[0047] Following the formation dielectric layer 214, substrate 200 is subjected to a 
planarization process which forms a planar surface 222, as illustrated in Figure 19. To form 
planar surface 222, portion of the dielectric layer 213 is removed. Preferably, planar surface 
222 is formed by chemical-mechanical-polishing (CMP), using a non-selective slurry 
composition. The slurry composition contains a silica abrasive material. Alternatively, planar 
surface 222 may be formed by a non-selective plasma etching process. 
[0048] It would be appreciated that the foregoing process steps may be repeated in order 
to fabricate additional levels of conductive interconnects. 

[0049] In the foregoing specification, the invention has been described with reference to 
specific exemplary embodiments thereof. It will be evident that various modifications may be 
made thereto without departing from the broader spirit and scope of the invention as set forth 
in the following claims. The specification and drawings are, accordingly, to be regarded in an 
illustrative sense rather than a restrictive sense. 
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